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anosyl(1–2)]-a-L-rhamnopyranosyl(1–6)-b-D-glucopyranoside (1), was isolated from glandless
cotton seeds together with the known compounds quercetin 3-O-a-L-rhamnopyranosyl(1–2)-[a-L-
rhamnopyranosyl(1–6)]-b-D-glucopyranoside (manghaslin, 2), kaempferol 3-O-b-D-apiofrurano-
syl(1–2)-b-D-glucopyranoside (3) and kaempferol 3-O-a-L-rhamnopyranosyl(1–6)-b-D-glucopyrano-
side (4). It is interesting that the tetrasaccharide fragment of 1 contained both a b-apiosyl and an
unusual a-apiosyl group.
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Table 1 13C, 1H NMR data and key HMBC correlations
of compound 1 in DMSO-d6.
Position dC dH J (Hz) Key HMBC (H-C)
Quercetin
2 156.3
3 133.0
4 177.2
5 161.2
6 98.6 6.16 d 2.0 C-7, C-8, C-5
7 164.0
8 93.4 6.35 d 2.0 C-6, C-7, C-9, C-10
9 156.4
10 103.9
10 121.7
20 116.1 7.50 d 1.8 C-2, C-10, C-30, C-40
30 144.7
40 148.3
50 115.1 6.83 d 8.4 C-30, C-40, C-60
60 121.3 7.57 dd, 1.8, 8.4 C-2, C-40, C-50
Glc
1 98.8 5.45 d, 7.6 C-3, C-2Glc
2 76.9 3.79 m
Flavonol glycoside from glandless cotton seeds 431. Introduction
Glandless cotton is a variant of cotton plant (Gossypium L.,
Malvaceae) resulting from selective breeding1. In a previous
study, we found that the aqueous extract of the meal of glandless
cotton seeds had notable antidepressant effect. Chemical and
pharmacological investigations led to the isolation of several
ﬂavonol 3-O-glycosides2 and the discovery of the major active
principle quercetin 3-O-b-D-apiofuranosyl(1–2)-[a-L-rhamnopyr-
anosyl(1–6)]-b-D-glucopyranoside (CTN986). This compound
exhibited antidepressant effects in several pharmacological
tests3,4. Recently, another four ﬂavonol glycosides were isolated
from this material. Their structure was determined to be
quercetin 3-O-[a-D-apiofuranosyl(1–5)-b-D-apiofuranosyl(1–2)]-
a-L-rhamnopyranosyl(1–6)-b-D-glucopyranoside (1), kaempferol
3-O-a-L-rhamnopyranosyl(1–2)-[a-L-rhamnopyranosyl(1–6)]-b-
glucopyranoside (manghaslin, 2)5, kaempferol 3-O-b-D-apiofrur-
anosyl(1–2)-b-D-glucopyranoside (3)6 and kaempferol 3-O-a-L-
rhamnopyranosyl(1–6)-b-D-glucopyranoside (4)7 by spectroscopic
analysis. Compound 1 was a new compound, which carried
interestingly a tetrasaccharide moiety containing both a b-apiosyl
and an unusual a-apiosyl group. In this paper, we report the
isolation and structure elucidation of compound 1.3 76.7 3.79 m
4 71.4 3.74 m
5 75.6 3.24 m
6 66.9 3.75 d, 6.0
3.23 m
Rha
1 100.7 4.32 s C-6Glc
2 70.5 3.35 m
3 70.8 3.64 m
4 71.8 3.06 m
5 68.2 3.25 m
6 17.7 0.96 d, 6.6
Api-a
1 101.9 4.83 d, 4.2 C-5Api-b
2 76.1 3.78 m
3 79.1 
4 73.7 3.76 d, 9.0
3.52 d, 9.0
5 62.8 3.24 d, 10.8
3.17 d, 10.8
Api-b
1 108.5 5.36 brs C-2Glc
2 76.9 3.80 s
3 78.0
4 74.2 3.82 d, 9.0
3.55 d, 9.0
5 70.8 3.51 d, 10.2
3.25 d, 10.22. Results and discussion
The glandless cotton seed meal was extracted with 60% ethanol.
After evaporation of the ethanol, the concentrated extract was
loaded on an AB-8 macropore resin column and eluted with
50% ethanol to collect a ﬂavonoids-rich fraction. The ﬂavonoids
fraction was chromatographed on a polyamide column eluting
with aqueous ethanol in a gradient manner. The new compound
was obtained from the 35% ethanol eluates and puriﬁed again
over polyamide column.
Compound 1 was obtained as a yellow powder. A molecular
formula of C37H45O24 was determined by the negative HR-ESI-
MS data (873.2309 [M-H], Calcd. for C37H45O24, 873.2301). Its
UV spectrum gave absorption maxima at 256 and 354 nm,
showing the feature of a ﬂavonol 3-O-glycoside. Similar to the
known compound CTN986, acidic hydrolysis of 1 gave querce-
tin, glucose, rhamnose and apiose (TLC). The positive ESI-MS/
MS afforded fragment ions of m/z 743([MþH-132]þ),
611([MþH-132-132]þ), 597([MþH-146-132]þ) and 465([MþH-
146-132-132]þ), suggesting the presence of a rhamnose and two
apiose groups in this molecule. The 1H and 13C NMR data
(Table 1) also showed similarities to that of CTN9862, except
for an extra set of signals assignable to a pentose group. In the
1H NMR spectrum, ﬁve aromatic signals at 7.57(1H, dd, J¼1.8,
8.4 Hz, H-60), 7.50 (1H, d, J¼1.8 Hz, H-20), 6.83 (1H, d,
J¼8.4 Hz, H-50), 6.35 (1H, d, J¼2.0 Hz, H-8) and dH 6.16
(1H, d, J¼2.0 Hz, H-6) deﬁned a quercetin aglycon. Four
anomeric proton signals at dH 5.45 (1H, d, J¼7.6 Hz), 5.36
(1H, brs), 4.83 (1H, d, J¼4.2 Hz) and 4.32 (1H, s) indicated the
presence of four sugar groups. The ﬁrst three data together with
corresponding carbon signals at dC 108.5 (C-1
Apib), 100.7
(C-1Rha), 98.8 (C-1Glc) and the signals for a methyl group (dH
0.96, 3-H, d, J¼6.6 Hz; dC 17.7) conﬁrmed the presence of a b-
D-apiose, an a-L-rhamnose and a b-D-glucose. Besides these sugar
moieties, the existence of another pentose group was suggested
by the 13C NMR signals at dC 101.9, 76.1, 79.1, 73.7 and 62.8.
HSQC and DEPT spectra, indicating that the signal at dC 79.1belongs to a tertiary carbon and the signals at dC 73.7 and 62.8
are attributed to two methene groups. Anomeric carbon and
proton signals for this pentose group were found at dC 101.9 and
dH 4.83 (1H, d, J¼4.2 Hz). Comparison of these data with the
reported values for methyl a-D-apiofuranoside8 showed clearly
that this pentose moiety was an a-D-apiosyl group. a-D-Apiofur-
anosides occur rarely in natural products, except for a few
Figure 1 The structures of CTN986 and compound 1 and the key
HMBC (H-C) correlations of compound 1.
Shanqin Yuan et al.44examples9. This is the ﬁrst time a ﬂavonoid containing both a-D-
apiosyl and b-D-apiosyl groups has been isolated from a plant.
The interglycosidic linkages of 1 were determined by analysis
of the HMBC data. HMBC correlations were observed from
H-1Glc (dH 5.45) to C-3 (dC 133.0) of the aglycone, H-1
Rha (dH
4.32) to C-6Glc (dC 66.9), H-1
Apib (dH 5.36) to C-2
Glc (dC 76.9)
and H-1Apia (dH 4.83) to C-5
Apib (dC 70.8), indicating that
compound 1 is a quercetin 3-O-glycoside carrying a branched
tetrasaccharide. A central glucose was linked to C-3 of the
aglycone, a rhamnose linked to C-6 of the glucose, a b-D-apinose
attached to C-2 of the glucose and an a-D-apinose linked to C-5
of the b-D-apinose (Fig. 1). The linkage between the C-1 of the a-
D-apinose and the C-5 of the b-D-apinose was also evidenced by
the downﬁeld shift of the C-5 signal of the b-D-apinose from
about dC 64 to dC 70.8. Thus, the structure of 1 was deduced as
quercetin 3-O-b-D-[a-D-apifuranosyl(1–5)-b-D-apifuranosyl(1–2)]-
a-L-rhamnopyranosyl(1–6)-b-D-glucopyranoside. Full assignment
of the 1H and 13C resonances of the sugar residues of 1 was
achieved by using a combination of COSY, HSQC and
HMBC data.3. Experimental
3.1. General procedure
1H and 13CNMR spectra were recorded on an INOVA-600
spectrometer at 600 and 150 MHz with TMS as internalstandard. HR-ESI-MS was recorded on an Agilent 6520
Q-TOF spectrometer. ESI-MS/MS was measured with an
API-3000 spectrometer. Column chromatography (CC) was
carried out on AB-8 macropore resin and polyamide (60–90
mesh). TLC on polyamide-6 and silica gel ﬁlms was performed
with EtOH-H2O (65:35 and 98:2) and n-BuOH-HOAc-H2O
(3:1:1) as eluents.
3.2. Plant material
Glandless cotton seeds meal was purchased in autumn 2003
from Hebei Academy of Agriculture Science, Hebei province
of China.
3.3. Extraction and isolation
Cotton seeds meal (5 kg) was extracted two times with 60%
ethanol. The extract was concentrated under reduced pressure
to remove the ethanol and then loaded on an AB-8 macropore
resin column. After washing with water, the column was
eluted with 50% ethanol and the fractions showing color
reaction with Mg-HCl were collected. The combined fractions
was evaporated to a small volume and then subjected to CC
on polyamide (60–90 mesh) using a gradient EtOH-H2O
systems as eluent. Compound 1 (15 mg), 2 (13 mg), 3 (32
mg) and 4 (28 mg) was obtained from the 35% ethanol
washing fractions under the guidance of TLC analysis on
polyamide and silica gel plates, and puriﬁed again over
polyamide by washing with 98% ethanol.
3.4. Quercetin 3-O-[a-D-apiofuranoyl(1–5)-b-D-
apiofuranosyl(1–2)]-a-L-rhamnopyranosyl(1–6)-b-D-
glucopyranoside (1)
A pale yellow amorphous powder which turned dark green by
reaction with FeCl3 and pale red with Mg-HCl. UV l
MeoH
max
nm(log e) 256 (4.25, sh), 266 (4.23, sh), 352 (4.16, sh). HR-ESI-
MS(): m/z 873.2309 [MH](Calcd. for C37H45O24, 873.2301).
ESI-MS/MS(þ): m/z 875 [MþH]þ, 743 [MþH-132]þ, 611
[MþH-132-132]þ, 597 [MþH-146-132]þ, 465 [MþH-146-132-
132]þ, 303 [MþH-162-146-132-132]þ. 1H and 13C NMR
(DMSO-d6, 600 and 150 MHz) and key HMBC (Table 1).
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